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Magnesium reduces carotid intima-media thickness in a mouse model of pseudoxanthoma
elasticum: A novel treatment biomarker
EA Kupetsky-Rincon, Q Li and J Uitto Department of Dermatology and Cutaneous Biology,
Thomas Jefferson University, Philadelphia, PA
Pseudoxanthoma elasticum (PXE), which demonstrates progressive build-up of calcium phosphate
and proteoglycan deposits in skin, eye, and arteries, has been associated with myocardial infarc-
tions, stroke, and blindness. In a PXE mouse model (Abcc6-/-), a magnesium-enriched diet pre-
vents mineralization of the vibrissae capsule, an early biomarker for PXE. Treatment biomarkers in
PXE have not been identified in humans. Since PXE patients have an increased carotid intima-
media thickness (CIMT), a risk factor for cardiovascular disease and stroke, we analyzed the feasi-
bility of CIMT as a treatment endpoint before and after magnesium supplementation in Abcc6-/-
mice. A second endpoint would examine if there was a difference in proteoglycans and calcium in
the carotid vessel-wall in these mice and if there was any effect upon exposure to magnesium. CIMT
was measured histologically in one year-old Abcc6-/- and Abcc6+/+ mice fed either standard rodent
diet with or without magnesium oxide supplementation for two months. Stains for alcian blue (pH
2.5) and alizarin red were performed on each artery in each panel (treated and untreated) for over-
all measurement of vessel-wall proteoglycans and detection of calcium. Baseline CIMT in (untreated)
Abcc6-/- vs. (untreated) Abcc6+/+ mice was increased (p-value = 0.009), while CIMT in magne-
sium-treated Abcc6-/- vs. untreated Abcc6-/- mice was reduced (p-value = 0.024). All four panels
stained positive for proteoglycans; total proteoglycans were reduced only with respect to corre-
sponding decrease in CIMT. No carotids stained positive for alizarin red. CIMT is a novel treatment
endpoint in this mouse model and may serve as a predictive biomarker of therapeutic response in
humans. The carotid arteries of PXE patients, unlike that of mice demonstrate mineralization; it is
possible that PXE-associated arteriosclerosis is not only due to the mutation in ABCC6, but may be
influenced by modifier genes, diet, and/or environment.
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P120-catenin inhibits cadherin endocytosis by binding to a conserved endocytic signal in the
cytoplasmic domain of classical cadherins
BA Nanes,1,2 CM Chiasson,2 AM Lowery,4 PA Vincent4 and AP Kowalczyk2,3 1 Graduate Program
in Biochemistry, Cell, and Developmental Biology, Emory University School of Medicine,
Atlanta, GA, 2 Department of Cell Biology, Emory University School of Medicine, Atlanta, GA,
3 Department of Dermatology, Emory University School of Medicine, Atlanta, GA and 4
Center for Cardiovascular Sciences, Albany Medical College, Albany, NY
Dynamic modulation of endothelial adhesion is essential for angiogenesis during wound healing
and development of the dermal microvasculature. However, inappropriate loss of endothelial adhe-
sion contributes to pathology in inflammatory skin diseases and is associated with tumor growth
and metastasis. Endocytosis and degradation of the endothelial adhesion molecule vascular endothe-
lial cadherin (VE-cadherin) is a key regulator of angiogenesis, though little is known about how these
pathways are controlled. Here, we identify a cluster of three tandem acidic residues within the VE-
cadherin cytoplasmic domain which serves as an endocytic signal and is conserved in other clas-
sical cadherins, including human and drosophila E-cadherin. This signal is sufficient to trigger endo-
cytosis when fused to an unrelated transmembrane protein, and mutating the signal prevents
recruitment of VE-cadherin to clathrin-enriched membrane domains and its subsequent internal-
ization. Time-lapse imaging of living endothelial cells also shows that this endocytosis-defective
mutant disrupts normal intercellular junction dynamics and inhibits cell migration. Importantly, the
endocytic signal serves a second, mutually exclusive function as part of the binding site for p120-
catenin (p120), an Armadillo-family protein which binds to cadherins and prevents their endocy-
tosis. Previous work from our lab indicates that vascular development requires p120 stabilization
of VE-cadherin. Together, our findings presented here demonstrate that cadherin stabilization results
from p120 binding to the cadherin cytoplasmic domain and masking an endocytic signal that is
likely to be important for VE-cadherin function during vascular development.
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Expression of MFG-E8 in murine and human skin
S Motegi,1,2 O Ishikawa2 and MC Udey1 1 Dermatology Branch, Center for Cancer Research,
National Cancer Institute, NIH, Bethesda, MD and 2 Department of Dermatology, Gunma
University Graduate School of Medicine, Maebashi, Japan
MFG-E8 is a secreted protein produced by various cells that has multiple ligands and has been impli-
cated in various functions and diseases. Recently we demonstrated that pericytes produced MFG-
E8 in B16 melanoma tumors, that this αv ligand enhanced angiogenesis, and that MFG-E8 increased
platelet-derived growth factor receptor β (PDGFRβ) signaling mediated via integrin-growth factor
receptor cross talk. However, functions of MFG-E8 in normal skin are not well characterized. The
objective of this study was to determine the distribution of MFG-E8 in normal murine and human
skin in vivo to begin to address this issue. To examine the distribution of MFG-E8 in murine skin,
immunofluorescence staining of whole mounts and vertical sections of ear skin was performed.
Staining of epidermal sheets revealed that MFG-E8 co-localized exclusively with epidermal Langer-
hans cells. In the dermis, accumulations of MFG-E8 were found around CD31+ blood vessels, but
not lymphatics. MFG-E8 co-localized with PDGFRβ+ pericytes in the dermis, and MFG-E8 deposits
frequently observed near vascular branch points. These results are consistent with our previous stud-
ies identifying pericytes as important sources of MFG-E8 in tumors in vivo. We also observed sub-
cellular punctate staining in linear arrays juxtaposed and external to podoplanin+ and PDGFRβ+
perineurium surrounding S-100+ nerve fibers in the dermis of ear skin. Examination of murine sci-
atic nerve confirmed association of MFG-E8 with perineurium. In normal human dermis, MFG-E8
also localized around blood vessels and peripheral nerves. Thus, MFG-E8 co-localized with peri-
cytes and perineurium of peripheral nerves in the dermis of human and murine skin, suggesting
that MFG-E8 acts on PDGFRβ+ cells, and regulates the function of these cells. MFG-E8 may play a
role in peripheral nerve function as well as angiogenesis.
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Role of CX3C chemokine receptor 1 in tissue injury induced by immune complex deposition
S Morimura,1,2 M Sugaya1 and S Sato1 1 Dermatology, Faculty of Medicine, University of Tokyo,
Tokyo, Japan and 2 Dermatology, Tokyo Kosei Nenkin Hospital, Tokyo, Japan
Immune complex injury is mediated by inflammatory cell infiltration that is highly regulated by mul-
tiple adhesion molecules such as integrins or selectins. CX3C chemokine receptor 1 (CX3CR1), a
receptor for fractalkine, has recently been identified as a key mediator of leukocyte adhesion that
functions without the recruitment of integrins or selection-mediated rolling. To assess the contribu-
tion of CX3CR1 in immune complex injury, cutaneous and peritoneal reverse Arthus reactions
were examined in mice lacking CX3CR1. Rabbit IgG anti-chicken egg albumin antibodies were
injected intradermally or intraperitoneally followed immediately by an intravenous injection of
chicken egg albumin, which resulted in cutaneous vasculitis and peritoneal effusions containing
abundant neutrophils and mast cells, respectively. In skin reverse Arthus reaction, dermal edema,
assessed by amount of extravasated Evans blue dye, was decreased in CX3CR1-deficient mice by
40% compared to wild-type mice (P <0.05). Area of hemorrhage was also smaller in CX3CR1-defi-
cient mice than wild-type mice by 55% (P <0.05). Histologically, numbers of infiltrating neu-
trophils and mast cells in the skin were decreased in CX3CR1-deficient mice. Moreover, mRNA
expression levels of interleukin-6 and tumor necrosis factor-α were decreased in CX3CR1-deficient
mice compared to wild-type mice (P <0.05 and P <0.05, respectively). In peritoneal reverse Arthus
reaction, the numbers of neutrophils and mast cells in peritoneal lavage were decreased in CX3CR1-
deficient mice by 67% compared to wild-type mice (P <0.05). Interestingly, fractalkine levels in the
peritoneal lavage in CX3CR1-deficient mice was about three times as high as those in wild-type
mice (P <0.05). Thus, both cutaneous and peritoneal reverse Arthus reactions were significantly
attenuated in mice lacking CX3CR1. These results indicated that CX3CR1 contributed to the devel-
opment of tissue injury induced by immune complex deposition by regulating neutrophil and mast
cell infiltration.
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Obligatory roles of filamin A in calcium-induced cell-cell adhesion and differentiation in epi-
dermal keratinocytes
C Tu,1,2 W Chang,1,2 M You1,2 and DD Bikle1,2 1 Endocrine Unit, VA Medical Center, San
Francisco, CA and 2 University of California, San Francisco, CA
The extracellular Ca2+ (Ca2+o)-induced E-cadherin-mediated cell-cell adhesion plays a critical role
in promoting differentiation in epidermal keratinocytes. Our previous studies indicate that the cal-
cium-sensing receptor (CaR) regulates keratinocyte adhesion and differentiation via Rho A-medi-
ated signaling. Co-immunoprecipitation demonstrated that CaR, Rho A and E-cadherin form a pro-
tein complex with Trio, a Rho-guanine nucleotide exchange factor (GEF), and filamin A, an
actin-binding protein, at the cell membrane in response to elevated Ca2+o. SiRNA-mediated gene
silencing of filamin A blocked the interactions among these proteins. Knockdown of filamin A or
Trio inhibited Ca2+o-induced membrane translocation and activation of Rho A and formation of the
E-cadherin/catenin adhesive complex. Furthermore, filamin A and Trio silencing decreased the Ca2+o-
stimulated protein expression of terminal differentiation markers. Filamin A interacts directly with
CaR, Trio and Rho GTPases. CaR C-terminal tail binds to the repeat 14-16 in filamin, while Trio and
Rho bind to the repeat 23-24 of filamin. To investigate whether CaR, Rho A, Trio form a signaling
complex via their interactions with filamin A to promote cell-cell adhesion, we examined the impact
of interfering the endogenous CaR/filamin and filamin/Trio interactions on Rho A activation and E-
cadherin-mediated cell-cell adhesion. Expressing dominant-negative peptides corresponding to CaR
C-terminal tail, filamin A repeat 14-16, filamin A repeat 23-24 or Trio PH domains blocked the abil-
ity of Ca2+o to increase Rho activity and suppressed formation of the E-cadherin/catenin complex.
These results signify an important role for filamin A in the regulation of Ca2+o-induced E-cadherin
mediated cell-cell adhesion by creating a scaffold for the spatial organization of a signaling com-
plex through its direct interactions with CaR, Trio and Rho A to turn on downstream signals required
for keratinocyte adhesion and differentiation.
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Hypoxia-inducible factor-1alpha, a key factor in skin physiology and pathophysiology
HR Rezvani,1,2 N Ali,1,2 A Taieb,1,2 H de Verneuil1,2 and F Mazurier1,2 1 Inserm U1035, Bordeaux,
France and 2 Univ Bordeaux Segalen, Bordeaux, France
Metazoans have evolved a conserved key protein, the hypoxia-inducible factor-1α (HIF-1α), to reg-
ulate oxygen delivery to tissue. Originally discovered as the regulator of oxygen homeostasis through
the control of erythropoietin, HIF-1α was then found to drive the expression of hundreds of genes
involved in many biological processes. Quantitative evaluation of tissue oxygenation has shown
that physiological oxygen pressure in epidermis is low compared with other tissues, resulting in
mildly hypoxic microenvironment. Consistently, high level of HIF-1α has been detected in epider-
mis, especially in the basal layer. Considering the broad spectrum of HIF-1α effects, its high level
of expression in epidermis might reflect a crucial role in skin physiology and adaptation to envi-
ronmental stresses. Consistent with this hypothesis, we found that mice with a HIF-1α knockout
targeted to keratinocytes develop with age a skin phenotype characterized by skin atrophy and pru-
ritic inflammation, and a dramatic decreased wound healing capacity, partly attributed to the base-
ment membrane disturbances involving laminin-332 (Ln-332) and integrins. Upon knockdown of
HIF-1α, human keratinocytes cannot reconstruct a viable epidermis due to a diminution of ker-
atinocyte growth potential associated with a decreased expression of Ln-322 and alpha6 and beta1
integrins. To investigate the role of HIF-1α in epidermal responses to environmental stresses, we
further examine the HIF-1α effects in keratinocyte responses to UVB irradiation. We found that
HIF-1α expression is modulated in a biphasic manner after UVB exposure. This biphasic variation
was found to affect DNA repair capacity of keratinocytes via regulation of the removal rate of 6–4
photoproducts and cyclobutane pyrimidine dimmers through the transcriptional regulation of xero-
derma pigmentosum genes. Consistently, irradiated HIF-1α-deficient mice rapidly develop hyper-
plasia after UVB irradiation. Considering the wide range of biological processes regulated by HIF-
1α, its importance in dermatology, thus, deserves a closer attention.
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Disruption of adherens junctions by non-IgG factor(s) present in a PF serum
N Li, M Park, Z Liu and LA Diaz Dermatology, University of North Carolina at Chapel Hill,
Chapel Hill, NC
Pemphigus foliaceus (PF) is an autoimmune skin blistering disease characterized by the loss of
intercellular adhesion in the upper layers of the epidermis. It is well-established that IgG4 autoan-
tibodies to desmoglein-1 (Dsg1) mediate the PF epidermal injury. It is unknown however, if other
non-IgG serum factors may also be involved in PF acantholysis. We selected a serum from a clas-
sic PF case with widespread skin disease and pathogenic IgG4 anti-Dsg1 autoantibodies (IIF titer
1:640) to test this hypothesis. Incubation of the test PF serum (5%) with cultured human keratinocytes
induces alterations of the E-cadherin staining between the borders of the adjacent cells. The cell
border distribution of other components of the adherens junctions, such as beta-catenin and p120-
catenin, is also disrupted. Phalloidin staining shows a collapse of the actin cytoskeletal network in
response to the PF serum treatment. Western blot analysis reveals cleavage and shedding of E-cad-
herin and a depletion of p120-catenin from the non-ionic detergent (1% triton X-100) soluble frac-
tions. The same cytopathic effects are observed when cells are treated with the IgG-depleted PF
serum, but not purified IgG. The IgG-depleted PF serum also induces keratinocyte dissociation by
the dispase assay. Further analysis shows that the “pathogenic” serum factor has low molecular mass
(< 10 kDa) and is thermally stable (100 oC 5 min). These results suggest that the non-IgG factor
from the test PF serum may have contributed to the extensive skin disease of the patient by disrupting
the adherens junctions and the actin cytoskeletons which is additive to the known pathogenic
effect of IgG anti-Dsg1 autoantibodies at the level of the desmosomal junctions. Future studies are
required to extend this observation to other PF cases with widespread skin. Work is in progress to
characterize the pathogenic non-IgG serum factor that is able to disrupt the adherens junctions and
depolymerize the actin cytoskeleton.
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Repression of psoriasisform skin inflammation reverses aortic root vascular lesion formation
and prevents enhanced thrombosis 
Y Wang,1 H Gao,1 CM Loyd,2 W Fu,2 D Diaconu,2 S Liu,1 KD Cooper,2 TS McCormick,2 DI Simon1
and NL Ward2 1 Cardiovascular Research Institute, Case Western Reserve University,
Cleveland, OH and 2 Dermatology, Case Western Reserve University, Cleveland, OH
Psoriasis patients have systemic and vascular inflammation and are at increased risk for myocardial
infarct, stroke, and cardiovascular death. However, the underlying mechanisms linking psoriasis
and vascular disease are incompletely defined. This study sought to determine whether chronic skin-
specific inflammation can cause vascular inflammation and promote thrombosis. Using the KC-Tie2
doxycycline-repressible (Dox-off) murine model of psoriasiform skin inflammation, spontaneous
aortic root lesions were identified in 33% of KC-Tie2 compared to 0% of control mice by 1 yr of
age; characterized by a 47% increase in vessel wall area (P=0.04), accumulation of macrophages,
T- and B-lymphocytes (P<0.001) and a reduction in collagen content and increased elastin breaks
(indicative of altered vessel wall integrity). Importantly, aortic root lesion formation was preceded
by increases in serum MCP-1 (2-fold), IL-12p70 (4-fold), TNFα (2-fold), IL17A (4-fold), VEGF (2-fold)
and S100A8/A9 (all P<0.05), and increases in splenic and circulating CD11b+Ly-6Chi pro-inflam-
matory monocytes (42%; P=0.009), and occurred independently of hyperglycemia and hyperlipi-
demia. Old mice with severe skin disease treated with Dox for 5 months eliminated skin inflam-
mation and aortic root lesion presence in 1 yr old KC-Tie2 animals. Given the bi-directional link
between inflammation and thrombosis, arterial thrombosis was assessed in a separate cohort of
KC-Tie2 and control mice; mean time to occlusive thrombus formation was significantly shortened
by 64% (P=0.002) in KC-Tie2 animals; Dox treatment returned thrombosis clotting times to control
mouse levels (P=0.5). These results demonstrate that chronic skin-specific inflammation promotes
aortic root lesion formation and thrombosis and suggest that aggressive treatment of skin inflam-
mation may attenuate pro-inflammatory and pro-thrombotic pathways that produce CVD in psori-
asis patients.
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Bullous pemphigoid IgG induces BP180 internalization through clathrin- and caveolin-inde-
pendent endocytic pathway
S Hiroyasu,1 T Ozawa,2 H Kobayashi,1 M Ishii,1 T Harada,2 Y Aoyama,3 Y Kitajima,4 T Hashimoto,5
JC Jones6 and D Tsuruta1 1 Department of Dermatology, Osaka City University Graduate
School of Medicine, Osaka, Japan, 2 Department of Plastic and Reconstructive Surgery, Osaka
City University Graduate School of Medicine, Osaka, Japan, 3 Department of Dermatology,
Okayama University Graduate School of Medicine, Okayama, Japan, 4 Division of
Dermatology, Kizawa Memorial Hospital, Minokamo, Japan, 5 Department of Dermatology,
Kurume University School of Medicine, Kurume, Japan and 6 Department of Cell and
Molecular Biology, Northwestern University the Feinberg School of Medicine, Chicago, IL
Bullous pemphigoid (BP) is one of the most common autoimmune blistering skin diseases. Although
there is overwhelming evidence that binding of BP180 autoantibodies and BP180 initiates BP, such
antibody-antigen interaction appears insufficient to support blister formation in various animal mod-
els of BP without activation of complement and the presence of neutrophils and mast cells. How-
ever, recent studies indicate that cultured keratinocytes treated with BP-IgG exhibit a reduction in
adhesive strength and a loss in expression of BP180. In this study, we explored the effects of BP-
IgG in BP without inflammatory cells. Therefore, we followed the fate of green fluorescent protein-
tagged full length BP180 (GFP-BP180) in a keratinocyte cell line and an epithelial cell type (804G)
without inflammatory cells, after anti-BP180 IgG clustering using time-lapse video microscopy.
Remarkably, these cells were rounding up and intra- and extracellular domains of BP180 were inter-
nalized with BP-IgG. Moreover, GFP-BP180 was internalized with early endosomal antigen-1. Using
various endocytic inhibitors, including N-ethylmaleimide (NEM), phenylarsine oxide (PAO), hyper-
tonic sucrose, nystatin, indomethacin, genistein, cytochalasin D or 5-(N-ethyl-N-isopropyl) amiloride
(EIPA), we provided evidence that BP-IgG-induced BP180 internalization is mediated through clathrin-
and caveolin-independent endocytic pathways. These results suggest that BP180 internalization
induced by BP-IgG may play important role in the initiation of BP pathogenesis.
189
Lower NF-κB activities participate to skin resistance to aging in African dermal fibroblasts
compared to Caucasians
N Bigot,1 T Gomez,1 F Gallienne,1 T Oddos,2 M Demoor1 and P Galera1 1 Laboratoire Matrice
Extracellulaire et Pathologie, IFR ICORE 146, Université de Caen/ Basse-Normandie, UFR de
Médecine, Caen, France and 2 Pharmacology Department, Johnson&Johnson Santé Beauté
France, Val de Reuil, France
Caucasian and African skins exhibit several well-documented discrepancies, especially in the epi-
dermis and the dermo-epidermal junction, but little is known about their proper dermal behaviors,
according to their fibroblasts, the extracellular matrix homeostasis status and stress influences. In
culture of adult dermal fibroblasts, we evaluated by ELISA, Western-blot and blue alcian staining
experiments several dermal markers of catabolism and anabolism (MMP-1 activities, TIMP-1, types
I and III collagens, GAGs). In parallel, NF-κB activities were investigated at different levels (NF-κB
pathway, NF-κB binding activity, forced expression of NF-κB, NF-κBLuc and COL1A1Luc reporters
activities). Finally, the endogenous senescence development pattern in both types of fibroblasts as
well as in SIPS (Stress-Induced Premature Senescence) experiments was apprehended. We found
that African fibroblasts displayed higher extracellular matrix components synthesis, especially type
I collagen, but also type III collagen, sulfated glycosaminoglycans and TIMP-1 compared to the age-
matched Caucasian fibroblasts. Moreover, African dermal fibroblasts exhibited reduced MMP-1
activities. These dermal features were correlated with impairment in the NF-κB activity. Indeed,
according to NF-κB electromobility shift assay African fibroblasts displayed lower levels of NF-κB
binding activity, and a weak activation of the NF-κB pathway. Interestingly, stressful conditions had
induced more premature senescence in Caucasian fibroblasts. As a conclusion, African dermal
fibroblast exhibited an apparent juvenile pattern in their regulation of the dermal component metab-
olism linked with a lower activation of the NFkB pathway and show a higher resistance to senes-
cence.
190
NF-κB associated with COL1A1 transActivators defects repress Type I collagen expression
during aging in human dermal skin fibroblasts
N Bigot,1 G Beauchef,1 M Hervieu,1 T Oddos,2 M Demoor,1 K Boumediene1 and P Galera1 1
Laboratoire Matrice Extracellulaire et Pathologie, IFR ICORE 146, Université de Caen/ Basse-
Normandie, UFR de Médecine, Caen, France and 2 Pharmacology Department,
Johnson&Johnson Santé Beauté France, Val de Reuil, France
Appearance of skin aging is governed by changes in the epidermal, dermo-epidermal and dermal
compartments. In the dermis, type I collagen, the major component of extracellular matrix, consti-
tutes a prime target for intrinsic and extrinsic aging related alterations. Additionally, under aging
process, pro-inflammatory events prevent a proper synthesis of collagen fibrils. We have studied
the transcriptional mechanisms by which type I collagen metabolism is affected with aging. In the
following study, skin fibroblasts from several individuals were subdivided in two sub-groups of age
(below and above 51 years old). In in vitro monolayer cultures, Type I collagen synthesis was eval-
uated in Western-blot experiments and by ELISA. Transactivators binding activities were evaluated
in EMSA and their protein levels measured in Western-blot experiments. In order to assess the NF-
κB endogenous levels and transcription effects, gel retardation assay and forced expression of NF-
κB subunits were done and evaluated with NF-κB Luc and COL1A1 Luc reporters. Finally, the NF-
κB-induced senescence was monitored in both groups. Our study provides evidence that lowered
amounts of type I collagen are detected during aging and could be attributed to an inhibition of
COL1A1 transcription. Indeed, decreased binding activities of Sp1, Sp3, CBF and c-Krox, four
well-known COL1A1 transactivators acting through its -112/-61-bp promoter sequence, were accom-
panied by elevated amounts and binding activities of NF-κB a known inhibitor of type I collagen
gene transcription. In addition, the p65 subunit increased the number of senescent cells in old and
young fibroblasts, providing evidence that NF-κB is a key transcription factor involved in dermis
aging.
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Fueling the keratinocyte motor: Factor-inhibiting Hypoxia-inducible Factor 1 (FIH-1) is a pos-
itive regulator of epithelial migration
H Peng, S Getsios and RM Lavker Northwestern University, Chicago, IL
Previously we demonstrated that the hydroxylase, FIH-1, a relatively unrecognized component of
keratinocytes, plays a central role in negatively regulating epithelial differentiation by attenuating
Notch signaling. FIH-1 expression is normally low in the epidermis but becomes markedly up-reg-
ulated upon perturbation that occurs during inflammation and wounding. In addition, FIH-1 decreased
AKT signaling and activated GSK-3β, which plays an important role in membrane polarization and
directional migration in human epidermal keratinocytes (HEKs). Since proper migration is essential
for re-epithelialization, we investigated whether FIH-1 plays a role in epithelial migration. We used
dimethyloxalyglycine (DMOG) to inhibit FIH-1 hydroxylase activity or siRNA technology to reduce
the levels of FIH-1 in HEKs as well as in a telomerase immortalized human corneal epithelial cell
line (hTCEpi). Such loss of function studies were combined with immunohistochemical, immunoblot-
ting and linear scratch wound assays to study adhesion and migratory activity. These studies were
complemented with gain of function experiments using HEKs transduced with either an empty vec-
tor or FIH-1-cds, in conjunction with single cell migration studies. FIH-1 is abundantly expressed
in hTCEpi cells and these cells rapidly seal linear scratch wounds. Treatment of hTCEpi cells with
DMOG or knock-down of FIH-1 resulted in a significant delay in sealing linear scratch wounds
(DMOG-50%, shFIH-20%). Alternatively, increasing the levels of FIH-1 in keratinocytes resulted in
a 60% increase in their ability to seal linear scratch wounds and a 50% enhancement in the direc-
tional migration of single keratinocytes. Such acceleration in migration was accompanied by decreases
in phosphorylation of paxillin and focal adhesion kinase as well as a decrease in phosphorylation
(activation) of GSK3β. Collectively these observations demonstrate that FIH-1 acts as a motogen in
keratinocytes. Via its interactions with GSK3β, FIH-1 may play an important role in regulating
directional cell migration during wound healing.
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A cosmetic formulation containing ingredients that promote the production of laminin in
vitro stimulates the production of laminin in human skin tissue equivalents and human skin
biopsies
D Gan, G Kalahasti, T Florence and M Hines Skin Care Research, Mary Kay Inc, Dallas, TX
The integrity of the skin dermal matrix proteins is crucial in wrinkle formation. Prolonged damage
and dysfunction to key matrix proteins such as collagen, and elastin contribute to the formation of
wrinkles in skin. Laminins found in the basal lamina of the skin, play a large role in cellular com-
munication, organization of matrix proteins, and the integrity of the basement membrane. While
many cosmetic formulations have been developed to target collagen and elastin, few cosmetic treat-
ments have been developed to enhance laminin in the skin. In order to develop a novel cosmetic
treatment, we utilized in vitro models to identify specific ingredients, and ex vivo models to develop
a cosmetic formulation in order to increase laminin in the skin.
194
Membrane raft microdomains are platforms for desmosome regulation
SN Stahley,1 M Saito,1 V Faundez,1 M Koval1,3 and AP Kowalczyk1,2 1 Cell Biology, Emory
University, Atlanta, GA, 2 Dermatology, Emory University, Atlanta, GA and 3 Division of
Pulmonary, Allergy and Critical Care Medicine, Emory University, Atlanta, GA
The desmosome is a cell junction that provides intercellular adhesion to tissues that experience
mechanical stress, such as the skin and heart. Strong adhesion between adjacent cells is achieved
by linking the desmosomal cadherins to the intermediate filament cytoskeleton through the desmo-
somal plaque proteins, plakoglobin, plakophilin and desmoplakin. Disease states such as the auto-
immune skin blistering disease pemphigus vulgaris (PV) result when desmosome function is com-
promised. Previous studies have demonstrated that PV auto-antibodies directed against desmoglein
3 (Dsg3) disrupt desmosomes and result in the loss of adhesion, which clinically manifests as mus-
cosal erosions and epidermal blisters. In response to PV IgG, Dsg3 is internalized by a membrane
raft-mediated endocytic pathway. The goal of this study was to further investigate the association of
Dsg3 with membrane rafts and raft involvement in desmosome assembly and adhesion in primary
human keratinocytes. Detergent extraction and sucrose gradient fractionation revealed that Dsg3,
along with all other desmosomal components tested thus far, partitions to the buoyant fractions con-
taining raft markers flotillin-1 and caveolin-1. Super resolution fluorescence microscopy confirmed
colocalization of Dsg3 and the raft marker CD59 at cell borders. In addition, raft disruption with
methyl-β-cyclodextrin altered desmosomal protein localization and weakened adhesion. Interest-
ingly, Dsg3 did not partition to rafts when expressed in cells that do not form desmosomes, and a
non-adhesive Dsg3 chimera did not partition to rafts when expressed in keratinocytes. Further-
more, Dsg3 raft association increased dramatically upon addition of calcium to cultured keratinocytes,
suggesting a functional role for rafts in desmosomal adhesion. Overall, these findings suggest that
Dsg3 raft association is mediated by events that promote desmosome assembly and that this asso-
ciation is critical for desmosomal adhesion.
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Tuberous sclerosis skin tumor cells express high levels of cathepsins B, K, and L
S Li,1 Y Liu,1 J Wang,1 J Moss2 and TN Darling1 1 Dermatology, Uniformed Services University
of the Health Sciences, Bethesda, MD and 2 Cardiovascular and Pulmonary Branch, National
Heart, Lung, and Blood Institute, Bethesda, MD
Skin hamartomas in tuberous sclerosis complex (TSC) contain fibroblast-like cells, vessels, and
fibrous tissue. Our recent studies show that TSC skin tumor cells induce angiogenesis and hair fol-
licle neogenesis in a xenograft mouse model. These morphogenic changes are likely caused by
altered expression of proteins involved in tissue remodeling. To identify such factors, we carried out
2-D gel analysis of cell extracts and found that TSC2-null fibroblasts isolated from a TSC periungual
fibroma (PF) had greater levels of cathepsin B than fibroblasts from patient normal-appearing skin
(NL). Cathepsin B is a member of the lysosomal cysteine proteases family that, along with related
family members cathepsins K and L, has been implicated in angiogenesis and extracellular matrix
remodeling. Using Western blot analysis, we measured cathepsins B, K and L in TSC skin tumor
fibroblasts derived from multiple tumor types and different patients. TSC PF, angiofibroma (AF) and
fibrous forehead plaque (FP) cells from five different patients expressed greater levels of active cathep-
sin B, K and L than paired NL fibroblasts. Immunohistochemical staining showed that TSC PF, AF
and FP tissues contained greater numbers of cathepsin B, K and L-positive cells than patient nor-
mal-appearing skin. These results suggest that hamartoma morphogenesis in TSC skin tumors may
be due to high levels of cathepsins produced by the tumor cells.
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Collective galvanotaxis - together we move better
L Li,1,2 R Hartley,3 B Reiss,3 Y Sun,1 J Pu,3 T Hoang,4 S Yamada,4 J Jiang2 and M Zhao1 1
Dermatology, UC Davis, Sacramento, CA, 2 State Key Laboratory of Trauma, Burns and
Combined Injury, Third Military Medical University, Chongqing, China, 3 Institute of Medical
Sciences, University of Aberdeen, Aberdeen, United Kingdom and 4 Biomedical Engineering,
UC Davis, Davis, CA
In wound healing, large epithelial sheets migrate collectively, in defined direction and maintain tight
cell-cell adhesion. This type of movement ensures an essential function of epithelia – a barrier, which
is lost when cells lose connection and move in isolation. Unless being wounded, epithelial sheets
in cultures normally do not have overall directional migration. Cell migration is mostly studied when
cells are in isolation and in the absence of mature cell-cell adhesion; the mechanisms of migration
of epithelial sheets are less well understood. We used small electric fields as a directional cue to
instigate and guide migration of epithelial sheets. Significantly, cells in monolayer migrated far more
efficiently and directionally than cells in isolation or smaller cell clusters. Gap junctions had min-
imal contribution to the directional collective migration. Breaking down calcium dependent cell-
cell adhesion significantly reduced directional sheet migration. Furthermore, E-cadherin blocking
antibodies abolished migration of cell sheets. Micro-pillar assay revealed an important role for trac-
tion forces that cells in the leading rows exert on the substratum. The traction forces of the leading
edge cells coordinated in directional reorientation. Our results suggest that E-cadherin, not gap junc-
tion, play an essential role in migration of electric field-instigated and guided migration of epithe-
lial sheets.
193
Inhibition of MK2 signaling prevents blister formation in pemphigus in vivo
X Mao, H Li and AS Payne Dermatology, University of Pennsylvania, Philadelphia, PA
Pemphigus vulgaris (PV) is an autoimmune blistering disease characterized by autoantibodies
(autoAbs) to the cell adhesion protein desmoglein (Dsg) 3. Previous studies have shown that path-
ogenic PV autoAbs bind the intercellular adhesion domain of Dsg3, leading to its endocytosis and
depletion from the desmosome, whereas nonpathogenic autoAbs bind nonadhesive domains and
do not affect Dsg3 function. These studies have suggested a “two-hit” disease model in PV, con-
sisting of p38 MAPK-dependent and –independent pathways. However, p38 is a difficult pharma-
cologic target, as it has 4 different isoforms and over 17 downstream effectors. We therefore sought
to identify downstream effectors that mediate p38-dependent PV autoAb pathogenicity. In primary
human keratinocytes, pathogenic but not nonpathogenic PV autoAbs activate the p38MAPK-acti-
vated protein kinase 2 (MK2) in a dose-dependent manner. MK2 activation is also observed in pem-
phigus patients, shown by immunohistochemical staining of phospho-MK2 in lesional but not per-
ilesional keratinocytes of patient skin biopsies. MK2 activation by PV autoAbs is dependent on the
p38 alpha isoform, results in translocation of MK2 from the nucleus to the cytosol, and is associ-
ated with collapse of the keratin intermediate filament network. Small molecule inhibition of MK2
and silencing of MK2 expression block PV autoAb-induced Dsg3 endocytosis by immunofluores-
cence. Additionally, inhibition of MK2 prevents blister formation by PV pathogenic autoAbs in the
mouse passive transfer model. Taken together, these data suggest that MK2 is a key downstream
effector of p38 that mediates Dsg3 endocytosis and PV autoAb pathogenicity. MK2 inhibition may
represent a novel therapeutic approach for control of pemphigus skin blistering.
197
Autophagy modulates hyaluronan turnover by controlling the expressions of hyaluronan-
synthesizing and -degrading enzymes in dermal fibroblasts
K Tashiro, M Shishido, K Yo and T Gomi Skin Research Department, POLA Chemical Industries,
Inc., Yokohama, Japan
Hyaluronan (HA), a glycosaminoglycan of extracellular matrix, is a well-known water-sorbed macro-
molecule. HA is involved in various biological processes, such as tissue homeostasis, cell prolifer-
ation, migration, differentiation, angiogenesis, cancer invasion, and wound healing. In mammals,
HA is synthesized by hyaluronan synthases (HASs) and catabolized by a family of hyaluronoglu-
cosaminidases (HYALs). Although it has previously been reported that the expressions of HASs and
HYALs are affected by several biological treatments (e.g., UVB irradiation and glucocorticoid treat-
ment), the mechanisms remain unclear. In this study, we demonstrate that autophagy, a dynamic
lysosomal degradation process, is an important factor that controls HA turnover in dermal fibrob-
lasts (DFbs). Inhibition of autophagy initiation by knockdown of autophagy-related gene Atg5 sig-
nificantly reduced mRNA expressions of HAS2 and HYAL1, while expressions of HAS3 and HYAL2
remained unchanged. Suppression of proteolytic degradation after autophagosome-lysosome fusion,
the later process of autophagy, by lysosomal proteinase inhibitors, leupeptin and pepstatin (LP), led
to a significant reduction of HAS2 expression and a modest increase of HYAL1 and HYAL2 expres-
sions. HAS3 expression was unaffected by LP treatment. Taken together, our findings suggest that
autophagy is a modulator of HA turnover, which may differ in DFbs depending on whether autophagy
initiation or completion is suppressed.
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Integrin-linked kinase is a key player for TGFβ1 homeostasis and myofibroblast differentia-
tion
K Blumbach,1 G Brunner,2 AS Peters,1 J Schulz,1 T Krieg1 and B Eckes1 1 Cologne University,
Cologne, Germany and 2 Klinik Hornheide, Münster, Germany
Integrin-mediated interaction of cells with matrix macromolecules initiates the assembly of large
multiprotein complexes, focal adhesions, which mediate cell-extracellular matrix communication
and transmit biomechanical forces. Integrin-linked kinase (ILK) is a central adapter recruited to
integrin β1 tails in focal adhesions, connecting the outside environment to the actin cytoskeleton.
Here we analyzed the contribution of ILK to myofibroblast differentiation in vivo using an excisional
wounding model. We showed previously that mice with inducible postnatal inactivation of ILK
specifically in fibroblasts were characterized by severely reduced and poorly contracted granula-
tion tissue due to absence of αSMA-positive myofibroblasts. Primary fibroblasts derived from such
mice display a hypercontractile phenotype resulting from augmented RhoA activity, produce only
negligible amounts of αSMA and secrete significantly diminished levels of TGFβ1. Addition of exoge-
nous TGFβ1 rescues αSMA production, and dampening RhoA activity largely restores TGFβ1 release.
However, no global intracellular retention of proteins resulting in an unfolded protein response
was observed. Analysis of Latent TGFβ1 Binding Proteins (LTBPs), required for the coordinated secre-
tion of TGFβ1, revealed expression at normal levels. These results raised the question whether the
released TGFβ1/LTBP might be sequestered by an aberrantly formed fibronectin or fibrillin matrix.
Indeed, deposition of fibrillar fibronectin by ILK-deficient fibroblasts was reduced in comparison to
controls, indicating that released TGFβ1 is not correctly embedded into the pericellular matrix,
resulting in disturbed TGFβ1 homeostasis. Based on these data we propose the concept that ILK cru-
cially regulates local release of TGFβ1 by fibroblasts and, by modulating the fibronectin network,
its integration into the pericellular matrix, which is prerequisite for inducing myofibroblast differ-
entiation.
199
Development of a vascularized skin equivalent with a physiological perfused vascular net-
work
FK Groeber,1 J Hansmann,1 M Kaufmann2 and H Walles2,3 1 Institute for Interfacial Engineering
(IGVT), University of Stuttgart, Stuttgart, Germany, 2 Department of Cell and Tissue
Engineering, Fraunhofer-Institute for Interfacial Engineering and Biotechnology (IGB),
Stuttgart, Germany and 3 Department of Tissue Engineering and Regenerative Medicine,
University of Würzburg, Würzburg, Germany
The objective of this study was to develop a vascularized skin equivalent (SE) that allows the anas-
tomosis of the formed vascular system with an outer blood stream. Therefore, a biological vascu-
larized scaffold (BioVaSc) based on a decellularized porcine jejunum was developed that allows
the reseeding of the vascular structures, embedded in the scaffold, with human endothelial cells
and the connection of the vascular network with an outer bloodstream. For the formation of skin
tissue the BioVaSc was additional inoculated with human fibroblasts and keratinocytes and inte-
grated into a new custom made bioreactor system that allows the culture of the vascularized skin
substitute both under submersed conditions and at the air-liquid interface. Furthermore, the biore-
actor system allows the pulsatile perfusing of the vascular structures under physiological pressure
conditions between 80 and 120 mmHg. After culturing the vascularized SE at an air-liquid inter-
face for 12 days in the bioreactor system, histological hemalaun/ eosin (HE) and immunohistolog-
ical staining revealed a naturally differentiated and well stratified epidermal layer of keratinocytes
on top of the BioVaSc and equally distributed fibroblasts inside of the scaffold. Due to the villi
structure of the BioVaSc, the epidermis of the SE on top of the BioVaSc exhibits a papillary like archi-
tecture as seen in vivo. In addition the endothelial cells were able to recolonize the perfused vas-
cular structures inside the scaffold as visualized by HE staining and confocal laser scanning
microscopy. Using a biological vascularized scaffold in combination with a new developed biore-
actor system this study shows first time the in vitro generation of a vascularized SE with a perfused
vascular network, that is capable of anastomosis.
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The role of the basement membrane in stem cell maintenance and epidermal homeostasis
ST Marsh,1 V Martins,1 K Braun,1 M Donaldson2 and EA O’Toole1 1 Centre for Cutaneous
Research, Barts and the London School of Medicine and Dentistry, Blizard Institute, London,
United Kingdom and 2 Stiefel, a GSK company, Uxbridge, United Kingdom
The basement membrane of skin has an essential structural role in aiding the tight attachment of
the epidermis to the underlying dermis. In addition to its structural properties the basement mem-
brane is also an important mediator of keratinocyte homeostasis, adhesion, proliferation, migration
and gene expression. Within the skin the stem cell niche has been shown to be essential for main-
taining a functional stem cell population and tissue homeostasis. In this study we investigated the
role of the basement membrane proteins collagen IV, collagen VII, BP180 and laminin 332 (α3 chain)
in epidermal homeostasis, stem cell maintenance and epithelial-mesenchymal interaction. Transient
knock-down of each basement membrane protein was successfully performed using siRNA in pri-
mary keratinocytes. Western blotting demonstrated successful knock-down of all 4 proteins lasting
for up to 8 days post transfection. 3-D organotypic cultures with fibroblasts incorporated were gen-
erated using siRNA-transfected primary keratinocytes. Characterization of the organptypic models
is in progress, preliminary results show differences in fibroblast morphology and epidermal prolif-
eration. This model will be used to study the role of the basement membrane in stem cell mainte-
nance, epidermal homeostasis and regeneration.
201
Both low and high molecular weight hyaluronan potentiates migration of human dermal
fibroblasts
L Vistejnova,1 K Nesporova,1 T Muthny,1 M Hermannova,1 V Velebny1 and L Kubala2 1 Contipro
Biotech, Dolni Dobrouc, Czech Republic and 2 Institute of Biophysics, Academy of Science
of Czech Republic, Brno, Czech Republic
Fibroblasts migration to a site of injury is crucial for the wound healing process and is regulated by
different factors including interaction of cells with components of extracellular matrix. Currently, a
significance of hyaluronan (HA), a highly abundant glycosaminoglycan in skin, within the process
of wound healing is commonly accepted. However, effects of HA of different molecular weights
(MW), on this process, is not clearly elucidated. The purpose of this study was to explore the effects
of size–uniform HA on migration of normal human dermal fibroblasts (NHDF) and to suggest the
potential mechanism responsible for observed cell responses. Exogenously added HA all low, mid-
dle and high MW (3.5 kDa, 59 kDa, 595 kDa and 970 kDa) stimulated significantly (30-50% of
untreated control, P<0.05) NHDF motility within scratch wound assay. The inhibition of endoge-
nous HA synthesis by 4-methylumbelliferone significantly reduced (17-36% of untreated control,
P<0.05) NHDF migration. Interestingly, expression of the key HA receptor CD44 was significantly
downregulated (36-49% of untreated control, P<0.05) by 3.5 kDa, 595 kDa and 970 kDa HA. In
summary, the potentiation of fibroblast migration by HA of different molecular weights, accompa-
nied by eliminated cell migration upon reduced endogenous HA synthesis and decreased expres-
sion of CD44 imply the significance of HA in fibroblast migration and wound healing in general.
202
Distinct functions of α6β4 and α3β1 integrins in keratinocyte migration
KR Kligys, SB Hopkinson and JC Jones Cell and Molecular Biology, Northwestern University,
Chicago, IL
Three major laminin and collagen-binding integrins in skin (α6β4, α3β1 and α2β1) are involved in
keratinocyte adhesion to the dermis and the directed motility of skin cells during wound healing
and/or tumorigenesis. Yet, the exact roles that each of these integrins play in keratinocyte migration
are widely debated. Knock down of α6 integrin in human keratinocytes using shRNA leads to an
aberrant migration phenotype. The latter cells not only migrate in abnormal circular patterns, but
also exhibit slower rates of migration compared to control shRNA-treated cells. Intriguingly, a loss
in expression of α6 integrin expression also leads to decreased expression of the α2 and α3 inte-
grin subunits. The former is due to transcriptional repression while the latter is a consequence of
translation inhibition. This finding allowed us to investigate the role that specific integrin subunits
play in both motility behavior and migration speed. Re-expression of α6 integrin in the α6 integrin-
deficient cells rescues both their migration speed and directed migration. Consistent with this find-
ing it also restores expression of the α2 and α3 integrin subunits. Expression of α3 integrin in the
α6 integrin-deficient cells rescues their migration speed and α2 integrin expression, but fails to
restore directed migration. In contrast, expression of α2 integrin in the α6 integrin-deficient cells
has no obvious impact on either migration behavior or speed. Together, our data suggest that α6β4
integrin and α3 integrin play distinct but complementary roles in skin cell migration in wound
healing and tumor cell dissemination. α6β4 integrin determines cell directionality while α3 inte-
grin regulates cell speed.
203
Increased expression of Gastrin-releasing peptide and its receptor in Pruritus-prone Rhesus
Macaques
L Nattkemper,1,2 Z Zhou,3 Z Chen,3 A Nichols,4 A Papoiu1 and G Yosipovitch1,2 1 Dermatology,
Wake Forest University School of Medicine, Winston Salem, NC, 2 Neurobiology & Anatomy,
Wake Forest University School of Medicine, Winston Salem, NC, 3 Center for the Study of
Itch, Washington University School of Medicine, St. Louis, MO and 4 Neuroscience and
Physiology, SUNY Upstate Medical University, Syracuse, NY
Chronic Pruritus affects millions of adults and children worldwide; yet despite its clinical impor-
tance, the underlying neurobiological mechanisms are poorly understood. Current experimental
approaches to investigate the pathogenesis of chronic pruritus are largely limited to rodent models.
In the last 4 years, we have monitored itching behavior in a primate colony of Rhesus macaques
suffering from chronic itch. Using this data, we have correlated skin innervation and the expression
patterns of the itch specific mediator gastrin-releasing peptide (GRP) in the dermis with the frequency
of itching/scratching occurrence in each animal. The pruritic occurrence was also correlated to the
expression pattern of gastrin-releasing peptide receptor (GRPR) in the dorsal horn of thoracic spinal
cord. Spinal cord, lichenified (regions of chronically scratched skin) and non-lichenified skin was
collected from 42 primates and processed for immunostaining. Skin cryo-sections were double-
stained with anti-GRP and anti-product gene protein 9.5 (PGP9.5) to detect nerve fibers and tho-
racic spinal cord cryo-sections were stained with anti-GRPR. Double labeled PGP9.5+/GRP+ fibers
in the dermis and GRPR+ neurons in the superficial or deep dorsal horn were observed with a con-
focal laser-scanning microscope and counted using NIH ImageJ software in a blinded fashion. We
have discovered a positive correlation with the expression levels of GRP in lichenified versus non-
lichenified skin and an increased GRPR expression was found in the spinal cord of primates exhibit-
ing frequent scratching behavior, in comparison with animals displaying reduced scratching. This
is the first study to show that the itch specific receptor GRPR and its ligand GRP are linked to chronic
itch in primates.
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Expression of human epidermal “Glycogenes” in skin cells after UVB irradiation and their
modulation with active ingredients
E Fedorova, J Namkoong, A D’Arcangelis, P Bhatt and C Lasserre Skin Cell Biology Laboratory,
Chanel, Inc., Piscataway, NJ
Skin glycoproteins are an abundant, diverse, and highly regulated group of proteins involved in
cellular communication and interaction with the environment. We studied the group of “Glyco-
genes” which are responsible for glycosylation: glycosyltransferases, sulfotransferases, and sugar-
nucleotide transporters. Modulation in expression of glycogenes with environmental stress, includ-
ing UV radiation, may contribute to changes in physiological and mechanical properties of skin,
giving skin a photoaged appearance. Therefore, evaluating the expression of glycogenes, which are
key players in the formation of UV-induced changes, is essential for understanding skin photoag-
ing. The aim of our study was to evaluate the modulation of human epidermal glycogene expres-
sion with UVB, to identify genes most sensitive to UVB, and to find plant extracts stimulating glyco-
gene expression. We used whole genome microarrays to examine how keratinocyte-specific
glycogenes are regulated by exposure to non-toxic doses of UVB. We found that UVB modulated
expression of 12% glycogenes, of which 34% were upregulated and 66% were downregulated.
UVB elicited changes in glycogenes involved in biosynthesis of glycosphingolipids, dystroglycan,
heparan sulfate, chondroitin sulfate and other cellular processes. Glycogenes like-glycosyltrans-
ferase (LARGE), heparan sulfate sulphotransferase 2 (HS6ST2), and alpha-2,8-sialyltransferase 8A
(ST8SIA1) were among genes most regulated by UVB. The microarray results were confirmed by
qPCR. We found the plant extracts stimulating LARGE and ST8SIA1 expression in keratinocytes.
These data allow important insights into the possible mechanisms of skin photoaging, provide a
rich database resource of UVB-responsive glycogenes, and identify potential new molecular targets
for anti-photoaging application. The modulation of expression of specific glycogenes in skin cells
by plant extracts may represent a promising and innovative approach for preventing and treating
the signs of photoaging.
206
The neurotrotrophic factors NGF, BDNF, NT-3 and GDNF contribute to the angiogenic bal-
ance in reconstructed human skin
M Blais, P Lévesque and F Berthod Medecine, Laval University, Quebec, QC, Canada
In the skin, the release of NGF has been shown to attract nerve fibres. However, the vascular effect
of NGF and of other endogenous neurotrophic factors (NF) in skin is unexplored. The purpose of
this study was to characterize the expression of the NF NGF, BDNF, NT-3 and GDNF in skin and to
investigate and confront their angiogenic effect. We characterized the endogenous expression and
release of NF in human skin by ELISA and immunofluorescence. Then, we simplified the evalua-
tion of their angiogenic properties by developing a unique endothelialized reconstructed connec-
tive tissue model (ERCT). The addition of NF to the ERCT induce a major increase of CLT formation
and migration within the ERCT with 10 ng/ml NGF, 0.1 ng/ml BDNF, 15 ng/ml NT-3 and 50 ng/ml
GDNF. Moreover, we assayed the intracellular phosphorylation pattern of kinase effectors after stim-
ulation with NF. Here we report the expression on endothelial cells of TrkA, TrkB, p75, c-Ret and
Gfrα-1, the cell receptors for these NF. We report for the first time an analysis of the intracellular
kinase pathways activation following 15 minutes of stimulation with NF. We could also demonstrate
that this effect was mediated through the TrkA and TrkB receptors for NGF, BDNF and NT-3. In con-
clusion, this is the first demonstration of the major angiogenic potential of these NF on human
endothelial cells in reconstructed skin, the first identification of the angiogenic effect of NT-3 and
GDNF in reconstructed skin and the first extensive characterization of the activation of kinase
effector in endothelial cells following stimulation with NF.
208
Plakoglobin as a regulator of desmocollin gene expression
E Tokonzaba,1 X Cheng,1 R Ganeshan,1 EJ Müller3 and PJ Koch1,2 1 Dermatology, University of
Colorado Anschutz Medical Campus, Aurora, CO, 2 Cell and Developmental Biology,
University of Colorado Anschutz Medical Campus, Aurora, CO and 3 Vetsuisse Faculty,
University of Bern, Bern, Switzerland
Desmosomes are cell adhesion junctions required for the normal development and maintenance
of mammalian tissues and organs. The later point is illustrated by the severe skin fragility disorders
resulting from impaired desmosome function. The goal of the present study was to investigate how
desmocollins (DSC), key transmembrane components of desmosomes, are regulated at the tran-
scriptional level. We hypothesize that differential expression of Dsc genes is a prerequisite for the
formation of skin appendages. Using a combination of transcriptional reporter assays and ChIP assays
in MDCK cells and in primary mouse keratinocytes, we now demonstrate that plakoglobin (Pg) can
differentially regulate the proximal promoters of the two Dsc genes expressed in the basal layer of
the epidermis and in skin appendages, Dsc2 and Dsc3. This regulation is dependent on TCF/LEF
binding sites in both promoters. We show that Pg binds to the Dsc2 promoter to activate transcrip-
tion together with Lef-1. Interestingly, this effect is specific for Lef-1, since neither Tcf3 nor Tcf4 can
activate the Dsc2 promoter in conjunction with Pg. On the other hand, Pg activates the Dsc3 pro-
moter without direct binding. We observed that ectopic Pg expression interferes with TCF/LEF fac-
tor binding to the Dsc3 promoter leading to its de-repression. We thus hypothesize that Pg inter-
feres with the activity of a repressor complex occupying the TCF/Lef site in the Dsc3 promoter.
Consistent with this model, we observed that ectopic Pg expression interferes with TCF/LEF factor
binding to the Dsc3 promoter. It is thus likely that TCF/LEF factors, possibly together with a co-repres-
sor, occupy the Dsc3 promoter and inhibit expression in the absence of Pg. Taken together, our
results indicate that Pg can differentially regulate the Dsc2 and Dsc3 promoters and that its activ-
ity (inhibition or repression) depends on the presence and absence, respectively, of TCF/Lef tran-
scription factors.
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Actinin-4 regulates the directed migration of keratinocytes and modulates cell-matrix inter-
actions 
KJ Hamill,1 SB Hopkinson,1 O Skalli2 and JC Jones1 1 Cell and Molecular Biology, Northwestern
University, Chicago, IL and 2 Biological Sciences, University of Memphis, Memphis, TN
Directed migration of keratinocytes is a critical component of epidermal wound repair. Efficient pro-
cessive migration requires the establishment of polarity in the form of a single leading edge lamel-
lipodium followed by regulated extension and stablization of that protrusion. Identification of the
players in this process holds therapeutic potential. One candidate molecule is the actin binding pro-
tein, actinin-4 which, in migrating keratinocytes, decorates the leading front of their lamellipodia.
To study its putative role in skin cell motility, we utilized shRNA to induce a stable knockdown of
actinin-4. Actinin-4 deficient keratinocytes exhibit a lack of polarity with cells projecting numer-
ous large lamellipodia. The cells also display an increased cell surface area compared with con-
trols. In single cell motility assays, actinin-4 knockdown keratinocytes migrate over circular tracks
and display significantly reduced net displacement values although their speed is unaffected. Kymo-
graphic analyses of lamellipodial dynamics correlated with these gross motility defects, with exten-
sion distance and persistence being significantly reduced relative to controls. The observed differ-
ences in lamellipodial area and dynamics suggested that cell-matrix adhesive devices may be
modified in actinin-4 deficient cells and, as predicted, immunofluorescence analyses revealed
increases in focal contact size. However, surprisingly, we also observed changes in hemidesmo-
some protein organization. Specifically, in actinin-4 knockdown cells, α6β4 integrin is mislocal-
ized and is found within large lamellipodial extensions. Moreover, in such cells, α6β4 integrin fails
to recruit its binding partners Collagen XVII and BPAG1e. Together these data indicate a dual role
for actinin-4 in regulating directed migration and in determining cell-matrix adhesion forma-
tion/maturation.
205
LaNt α31, a novel extracellular mediator of keratinocyte adhesion and motility
KJ Hamill and JC Jones Cell and Molecular Biology, Northwestern University, Chicago, IL
The LaNts are a newly-identified family of matrix proteins derived from laminin encoding genes.
They share structural similarity with laminins and netrins. One member of the family, termed LaNt
α31, distributed along the dermal-epidermal junction in intact skin, was deposited into the matrix
of keratinocytes in culture and was upregulated during wound healing. Using siRNA, we tran-
siently knocked-down LaNt α31 expression in keratinocytes and observed significant reductions in
their speed of attachment, cell spreading rate and attachment strength compared with controls.
Keratinocytes exhibiting LaNt α31 knockdown also displayed a slower migration rate compared to
controls when evaluated in single cell assays. Moreover, migration of knockdown cells was restored
to control values by plating the siRNA treated cells onto matrix generated by control keratinocytes.
We also investigated the role of LaNt α31 in the healing of in vitro scratch wounds and observed
an intriguing phenotype where, over the initial phase of healing (approximately 6 hours), wound
closure rates of knockdown and control cells were indistinguishable. However, thereafter, ker-
atinocytes exhibiting LaNt α31 knockdown displayed dramatic inhibition of healing compared to
controls. Following wounding, upregulation of LaNt α31 expression in wild-type keratinocytes tem-
porally correlated with this biphasic response. These results prompted us to assess the consequences
of addition of recombinant LaNt α31 on wound closure of keratinocyte cultures. By 6 hours post
wounding LaNt α31 treated wounds displayed significantly greater healing than controls. Together,
these data implicate LaNt α31 as a novel, positive mediator of both keratinocyte adhesion and migra-
tion.
209
Intracellular collagen degradation mediates age-associated collagen deficit
Y Li, W Xia, A Little, T Okubo, JJ Voorhees and GJ Fisher Department of Dermatology, University
of Michigan, Ann Arbor, MI
Age-associated reduction of skin collagen content significantly contributes to impaired wound heal-
ing and skin laxity in elderly people. It has been proposed that uptake of newly synthesized colla-
gen by fibroblasts, followed by degradation and amino acids recycling via a lysosomal pathway,
plays an important role in collagen turnover in normal human skin. We have investigated the
mechanisms and role of intracellular collagen degradation in age-dependent collagen loss. We found
that primary adult human skin fibroblasts readily internalize fluorescence-labeled collagen microfib-
rils, determined by flow cytometry. Specific pharmacological inhibition of endocytosis substan-
tially reduced collagen uptake by 71% (N=3, P<0.01) and enhanced (3.2-fold increase, N=3, P<0.01)
accumulation of nascent extracellular collagen fibrils in fibroblast cultures. Quantification of all
known collagen receptors, by real-time RT-PCR, revealed that endo180 and integrin beta1 are pre-
dominant collagen receptors, expressed by human dermal fibroblasts. Importantly, reducing the
level of endo180, but not integrin beta1, by siRNA knockdown, significantly inhibited (73±12%
inhibition, N=3, P<0.01) collagen uptake by fibroblasts. This result indicates that endo180 is the
major receptor mediating collagen uptake in human skin fibroblasts. Consistent with this conclu-
sion, both endo180 mRNA and protein are highly expressed by dermal fibroblasts in human skin
in vivo. Furthermore, immunohistology demonstrated that expression of endo180 is 2.2-fold greater
in aged (> 80 years old), compared to young (20-30 years old) human skin (N=6, P<0.01), indicat-
ing that the capacity for collagen uptake is enhanced in aged human skin. Collectively, these data
indicate that human dermal fibroblasts possess the ability to internalize and degrade nascent col-
lagen fibrils and that this capacity is elevated in aged human skin in vivo. Blockade of collagen inter-
nalization represents a novel therapeutic strategy to boost collagen content and thereby improve
the function and appearance of aged human skin.
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Extracellular Hsp90alpha promotes human dermal fibroblast migration and skin wound heal-
ing via the NPTY motif within LRP-1 receptor and three downstream Akt kinases: Direct evi-
dence for a cross-membrane signal transduction mechanism
F Tsen, C Cheng, M Chen, D Woodley and W Li Dermatology, University of Southern California,
Los Angeles, CA
In response to skin wounding, keratinocytes (HKs) at the wound edge secrete heat shock protein-
90 alpha (Hsp90alpha). We have shown that extracellular Hsp90alpha (eHsp90alpha) promotes HK
migration for re-epithelialization and recruits dermal fibroblasts (DFs) and dermal microvascular
endothelial cells into the wound bed for wound repair (Cheng et al. JCI, 2011). We demonstrated
that eHsp90 binds to cell surface LDL Receptor-Related Protein-1 (LRP-1), but not tyrosine kinase
receptors to promote cell migration and wound healing in mice. Others, however, reported an alter-
native mechanism by which eHsp90 induces cell motility through a matrix metalloproteinase-2
(MMP2) mechanism and alteration of the extracellular matrix (ECM) engaged by the cell to pro-
mote motility. Both studies lacked direct supporting evidence. Using site-directed mutagenesis and
two lentiviral gene up-expression and down-regulation systems in primary human DFs, we report
that the NPTY motif (but not the NPVY motif) in the cytoplasmic domain of LRP-1 mediates eHsp90
signaling to promote human dermal fibroblast (HDF) migration. The NPTY motif in turn connects
eHsp90alpha signals to both Akt and ERK1/2, however only activation of Akt, but not ERK1/2, is
required for eHsp90-stimulated HDF migration. HDFs express similar levels of Akt1 and Akt 2, while
a lower level of Akt3. Interestingly, none of the three Akt isoforms was able to compensate the loss
of another Akt, since individual Akt knockdowns all affected the eHsp90 signaling. Consistent with
this finding, wound healing is delayed in both Akt1-/- and in Akt2-/- mice. Thus, demonstration of
the trans-membrane signaling via NPXY motif in LRP-1 and activation of downstream Akt provide
direct evidence for how eHsp90alpha controls cell motility and promotes wound healing.
211
Characterization of CCN1 functional domains that stimulate MMP-1 through integrin αVβ3
in human dermal fibroblasts
Z Qin, P Robichaud, JJ Voorhees, GJ Fisher and T Quan Department of Dermatology, University
of Michigan, Ann Arbor, MI
A prominent feature of human skin aging is degradation of collagen fibrils, which comprise the
bulk of the dermal extracellular matrix. Matrix metalloproteinases (MMPs) are largely responsible
for collagen degradation. MMP-1, principally derived from dermal fibroblasts, is the major pro-
tease capable of initiating degradation of fibrillar collagens. Here we report that CCN1, a member
of the CCN family of secreted matricellular proteins, which is elevated in human dermal fibroblasts
in aged skin, stimulates MMP-1 expression through interaction with integrin αVβ3 in human der-
mal fibroblasts. CCN1 contains four conserved structural domains (IGFBP, VWC, TSP1, and CT). To
dissect domain-specific function, we created CCN1 domain-specific constructs comprising all pos-
sible combinations of single, double and triple domains, as well as deletion of a signal peptide (10
constructs total). Functional analysis indicated that only the construct containing the first three
domains in tandem (IGFBP-VWC-TSP1) could stimulate MMP-1 expression. This stimulation was
comparable to full-length CCN1. While none of the single domain constructs alone regulated MMP-
1 expression, co-expression of three individual domains, IGFBP, VWC, and TSP1, resulted in stim-
ulation of MMP-1, indicating that all three domains are necessary for function. Screening of inte-
grins with blocking antibodies indicated that integrin αVβ3 is critical for stimulation of MMP-1 by
full length CCN1. We further determined by co-immunoprecipitation that full-length CCN1 and
active CCN1 domains (IGFBP-VWC-TSP1) physically interact with integrin αVβ3. Functional analy-
sis indicated that stimulation of MMP-1 by CCN1 domains (IGFBP-VWC-TSP1) is significantly
reduced by antibody blocking of integrin αVβ3, indicating that CCN1 domains interact with inte-
grin αVβ3 and mediate stimulation of MMP-1 in human dermal fibroblasts. Our data suggest that
targeting the CCN1/integrin αVβ3 pathway may reduce MMP-1-mediated collagen degradation to
improve the health of aged human skin.
212
Proteolytic processing desmoglein 2 in epidermal keratinocytes – characterization, fate, and
relevance to cell biology
D Brennan, A Gupta, F Cooper, NA Riobo and MG Mahoney Dermatology and Cutaneous
Biology, Thomas Jefferson University, Philadelphia, PA
Enzymatic processing is critical for proper expression and function of many proteins, and simulta-
neously provides dynamic regulation of signaling events. Recent reports show that desmoglein 2
(Dsg2) is a target of proteolytic enzymes, including ADAM17 and caspase 3, which play key roles
in growth factor and apoptotic signaling respectively. Proteolytic processing of Dsg2 by caspase 3
plays a key role in regulating apoptosis in gastric epithelial cells. In keratinocytes revealed that
ADAM17 regulates both ectodomain shedding and trafficking of Dsg2. Despite these elegant stud-
ies, putative characterization of differently cleaved products, and their subcellular fate and roles in
cell biology have yet to be fully elucidated. Thus the goal of this study is to define these events in
normal and cancerous keratinocytes. Using a panel of antibodies specific to Dsg2 in Western blots
and immunofluorescence, we identified distinct domains of Dsg2 and their subcellular localization
in control and modified epithelial cell lines in which Dsg2 has been overexpressed or stably knocked-
down. Unexpectedly, we observed nuclear localization of the extracellular domain, which can be
modulated by growth conditions. These results support our recent work demonstrating enhanced
nuclear localization of Dsg2 in human epithelial-derived malignancies. Furthermore, treatment with
proteolytic enzyme inhibitors, suggests differential subcellular localization of full-length and processed
of Dsg2. Interestingly, we observed enhanced Dsg2 processing in response to drug-induced apop-
tosis. Additionally, cells expressing increased levels of Dsg2 appeared more resistant to drug treat-
ment. Taken together, this data suggest that Dsg2 expression level may not be the sole determinant
for Dsg2-mediated cell growth and survival, but that its enzymatic processing may be a necessary
mechanism for this regulation.
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Reverse aging processes through the reduction of progerin production by a synthetic tripep-
tide
E Loing1 and E Lamarque2 1 R&D, Unipex Innovations, Québec, QC, Canada and 2 R&D,
Unipex Innovations, Ramonville St Agne, France
Anti-aging products are of great importance in cosmetics. Although there are many alternatives,
which are designed to fight signs of skin aging, compounds specifically influencing the processes
involved in the initiation of cellular senescence are rare. Recent work indicated that progerin (a
truncated form of lamin A associated with Hutchinson-Gilford Progeria Syndrome) in conjunction
with telomere dysfunction trigger cellular senescence in normal human fibroblasts. In 2006, it was
shown that progerin is more abundant in the skin of older subjects (by comparison with younger
subjects) and that progerin levels increase with the biological age of cutaneous tissue. In this study,
we examined the effect of a synthetic tripeptide in regulating biological mechanisms involved in
the aging process (inhibition of proteases implicated in degradation of the extracellular matrix,
increasing expression of syndecan-1) and most interestingly, we explored the effect of this peptide
on the progerin production implicated in ‘normal’ cellular senescence. We then investigated whether
or not our peptide was able to reverse signs of aging by using several in vitro models with human
cells recovered form young and mature donors. We demonstrated the effect of the tripeptide on
biological aging processes through mechanical and metabolic pathways and confirmed our results
by 2 clinical studies showing an improvement in the signs of aging : reduction of the appearance
of sagging and slacking on human volunteers and improvement of firmness, elasticity and visco-
elasticity in volunteers treated with the peptide formulation in comparison with a placebo formu-
lation. This work convincingly shows that cosmetically active compounds can be used to fight not
only the cosmetic effects of aging but also regulate the biological mechanisms involved in the
aging process.
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Merkel cell carcinoma (MCC): Mitoses, lymphovascular invasion, expression of Ki67 and bcl2
correlate with disease progression
M Marker,1 K Rappersberger,1 B Monshi,1 A Steiner2 and D Mühlehner1 1 Dermatology, KH
Rudolfstiftung, Vienna, Austria and 2 Dermatology, KH Hietzing, Vienna, Austria
MCC is a rare and aggressive skin-tumor. Traditionally, it is classified into three different histopatho-
logical types. The aim of this retrospective study was to investigate whether MCCs might display
histological and immunomorphological features of prognostic value. As parameter for progression
we used the incidence of local recurrences, lymph node- and/or distant metastases, respectively.
We investigated the primary tumours of 26 patients by conventional histopathology and immunomor-
phology and determined 1) type, 2) size, 3) number of mitoses, 4) lymphovascular invasion, 5) pro-
liferation-, and 6) (anti)-apoptosis-rate of the tumour cells. Lymphatic endothelial cells were iden-
tified by staining for podoplanin, proliferation rate was evaluated by labelling with the Ki-67-antibody,
anti-apoptosis was determined by the expression of bcl-2. A high number of mitoses (mean 8.1
mitoses/HPF; n= 26, SD= 5.1, min.= 1; max.= 19; median= 7) and high Ki-67 expression (mean
52%, n=25, SD= 28.4%, min= 5%, max= 95%, median=40%) significantly correlated with lymph
node metastases: mitoses p = .026; Ki-67 p = .008. On average 19.6 infiltrated lymphatic vessels
per tumour were detected. A higher number of invaded lymphatic capillaries showed a tendency
towards a progressive course but no significant correlation. High bcl-2 expression (mean 78%; n=
23, SD= 30.9%, min= 5%, max.= 100%, median 90%) revealed statistical significance as related
to local recurrences and a tendency towards lymph node metastases. Here we show that numbers
of mitotic- and proliferating-tumor cells in primary MCCs significantly correlate with a disease pro-
gression. In addition we observed a significant correlation of local recurrences with a high bcl-2
expression. We suggest that these peculiar histo-and immunopathological features might be of prog-
nostic value in the primary diagnosis of MCCs.
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Elemental bi-mineral complex increases extracellular matrix production in vitro and in human
skins
CB Lin,1 Y Hu,1 D Rossetti,1 J Zhang,1 S Hornby,2 Y Sun,1 J Chantalat,1 E Bruning1 and M Seiberg1
1 Johnson & Johnson, Skillman, NJ and 2 Neutrogena, Los Angeles, CA
Bio-electric fields are augmented in wounded skin and serve as an early stimulus for wound heal-
ing by promoting the directional migration of keratinocytes and melanocytes toward the wound.
However, the effect of such bio-electrical fields on intact dermis and on the dermal extracellular
matrix (ECM) has not been studied. To better understand the possible dermal effects induced by
bio-electrical fields, the activity of a novel elemental bi-mineral complex, which produces bio-
mimetic electricity, was evaluated. Topical daily treatment of human skin explants with elemental
bi-mineral complex for 7-9 days led to an increase in elastin and collagen expression. Histological
and immunohistochemical analyses of elemental bi-mineral complex-treated skin explants demon-
strated increased elastin fibers formation and collagen synthesis, as compared to untreated controls.
The induced ECM production was further confirmed by QPCR analyses, documenting that the bi-
mineral complex increased ECM gene expression. A double blind clinical study evaluated the
effect of bi-mineral complex on ECM production. In this eight-week, double-blind, randomized clin-
ical study, a benchmark product and a formulation containing 2% bi-mineral complex, were topi-
cally applied, twice daily, to the medial of left or right upper arms of women (19 subjects, ages 45-
50, Fitzpatrick skin type I-III) for 8 weeks. Skin biopsies were collected at baseline, 4 and 8 weeks.
Histological and QPCR analyses confirmed that the bi-mineral complex increased ECM gene expres-
sion and protein production in human skins, compared to baseline and to benchmark treatment.
These results demonstrate that elemental bi-mineral complex is effective in restoring and enhanc-
ing the integrity and functionality of dermal ECM, and in particular of the elastic fiber network, and
therefore may improve the appearance of aged skin.
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Knockdown of paraoxonase 1 expression influences the aging of human dermal microvascu-
lar endothelial cells
YS Lee, CO Park, JY Noh, S Jin, NR Lee, S Noh and KH Lee Department of Dermatology and
Cutaneous Biology Research Institute, Yonsei University College of Medicine, Seoul, Republic
of Korea
Vascular endothelial cells participate in the regulation of both blood homeostasis and the interac-
tion of blood with surrounding tissues. Skin is one of the most commonly studied tissues for micro-
circulation research due to its close correlation of cutaneous vascular function, aging and age-related
cardiovascular events. To elucidate proteins that determine this correlation between endothelial cell
function and aging in the vascular environment of the skin, we used 2-DE coupled with LC-MS/MS
to analyze plasma from donors in their 20s and 60s. Among identified proteins, paraoxonase 1
(PON1) was selected in this study for further characterization due to its primary location of synthesis
in the liver and its association with high-density lipoprotein (HDL) metabolism after secretion into
plasma. HDL-associated PON1 has been reported to reduce oxidative stress in lipoproteins and ath-
erosclerotic lesions. To elucidate the role of PON1 on skin aging and determine how it controls cel-
lular senescence, the characteristics of PON1 in human dermal microvascular endothelial cells
(HDMECs) were determined. When the expression of endogenous PON1 was knocked-down by
siRNA targeting PON1, HDMECs showed characteristic features of cellular senescence such as
increases in senescence-associated β-galactosidase stained cells and enlarged and flattened cell
morphology. At 48 h post-transfection, the protein expression of p16 in PON1 siRNA-treated HDMECs
was higher than that in scrambled siRNA-treated HDMECs. In addition, the expressions of moesin
and rho GTP dissociation inhibitor, additional age-related candidate biomarkers, were decreased
by PON1 knock-down in HDMECs. In conclusion, these results suggest that PON1 functions as an
aging-related protein and plays an important role in the cellular senescence of HDMECs.
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Laminin alpha 5 regulates microvascular endothelial cell migration and tubule formation
T Cui, L Tang and J Li Dermatology, University of Miami, Miami, FL
Endothelial cell sprouting, characterized by cell migration and new tubule formation, is a hallmark
of angiogenesis. These activities are mediated and regulated by extracellular matrix components.
Laminin alpha5 (α5) is a major laminin molecule expressed in human dermal microvascular endothe-
lial cells (HDMECs). In this study, functions of laminin α5 in endothelial cell migration and tubule
formation were explored. A small interfering RNA strategy was used to silence laminin α5 gene
expression. HDMECs were transduced with lentiviral vector carrying laminin α5 specific small hair-
pin RNA (pL1) and analyzed in cell migration and tubule formation assays in vitro. Laminin α5
expression in stably transduced HDMECs (HDMEC/pL1) was suppressed 70% compared to the con-
trol. In the chamber migration assay, HDMEC/pL1 cells exhibited 83% and 71% decreased rate of
mobility at 12 and 48 hrs, respectively. In consistence, the gap filling rate of HMDEC/pL1 cells in
scratch migration assay was 30%, 56% and 53% less than that of controls at day 2, 3 and 4, respec-
tively. Very interestingly, a simultaneous and significant down regulation of integrins αv and β3 was
found closely correlated with laminin α5 knockdown and the reduced cell migration in HDMEC/pL1
cells, which suggested a possible involvement of laminin α5 in integrin αvβ3-dependent cell migra-
tion. In addition, laminin α5 knockdown HMDEC/pL1 cells failed to form enclosed three-dimen-
sional tubular structure at later stage of the tubule formation assay, indicating a role of laminin α5
in vessel maturation. Taking together, our works revealed the important roles of laminin α5 in endothe-
lial cell activities in cell migration, tubule formation and angiogenesis.
220
Lysosomes are central regulators of collagenolysis
TM Rünger Department of Dermatology, Boston University, Boston, MA
Fibroblasts internalize extracelluar collagen into lysosomes, where it is degraded by the lysosomal
cystein protease cathepsin K (catK). Several lines of evidence suggest that this intracellular lysoso-
mal degradation of extracellular matrix (ECM) proteins plays an important role in the homeostasis
of the ECM and that its disruption predisposes to excessive skin fibrosis in scleroderma and wound
healing. In order to investigate the relative contributions of intracellular (catK-mediated) and extra-
cellular (matrix metalloproteinase (MMP)-mediated) collagenolysis to the overall collagenolytic
activity of fibroblasts, we used a collagen degradation assay with fibroblasts seeded onto a colla-
gen gel in the presence of MMP- and catK-inhibitors. We found that both types of inhibitors reduced
collagen gel degradation, but that only the combination of both inhibitors completely abrogated it.
This indicates that extra- and intracellular collagenolytic proteases act in concert for complete col-
lagenolysis. We suggest that the role of intracellular collagen degradation is the clearing of colla-
gen fragments that are generated by MMPs in the extracellular space. As such collaboration requires
coordinated regulation, we hypothesized that intra- and extracellular collagenolytic proteases are
induced by similar signals. Ceramides generated by the acidic lysosomal sphingomyelinase signal
in a variety of cellular stress responses, mediating e.g. induction of MMP1 after UV exposure. Here
we show that treatment of fibroblasts with the membrane-penetrating ceramides C6 and C2 induce
and activate catK within 8 and 24 hrs, respectively (maximum after 24 and 48 hrs). This was not as
early as the induction of MMP-1 by these ceramides, which was seen already within 1 hour. These
data indicate that the two processes of intra- and extracellular collagenolysis are indeed regulated
through identical signaling pathways. Furthermore, it appears that lysosomes, the final destination
for collagen degradation products, play a central role in the regulation of collagenolysis by pro-
viding ceramides that simultaneously induce both extra- and intracellular collagen degradation.
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Uncovering functional differences between kindlin-1 and kindlin-2 in keratinocytes
A Bandyopadhyay,1 G Rothschild,1 S Kim,1 D Calderwood2 and S Raghavan1 1 Dermatology and
College of Dental Medicine, Columbia University, New York, NY and 2 Pharmacology, Yale
University School of Medicine, New Haven, CT
Integrin β1 null keratinocytes can adhere to fibronectin due to up-regulated αvβ6 integrins, but dis-
play altered adhesion, cell spreading and polarized migration in vitro. That these differences are evi-
dent even on experimentally defined substrates which bind both β1 and β6 integrins, suggest that
the ability of β1 and β6 integrins to recruit distinct intracellular signaling and adaptor proteins may
account for some of the differences between these integrins. Here we report that the inability of
integrin β6 to efficiently bind and recruit kindlin-2 to focal adhesions directly contributes to these
phenotypes. Kindlins are FERM domain-containing proteins that regulate integrins through direct
interactions with the integrin β cytoplasmic tail. Kindlin-1 and kindlin-2 are expressed in keratinocytes
and notably, while both localize to focal adhesions in wild-type cells, only kindlin-1 localizes to
the β6-rich adhesions of β1-null cells. Rescue of β1-null cells with wild type and chimeric integrin
constructs revealed a correlation between kindlin-2 recruitment and cell spreading. Furthermore,
despite the presence of kindlin-1, kindlin-2 knockdown in wild-type keratinocytes resulted in defec-
tive cell spreading. Our data reveal unexpected functional consequences of differences in the asso-
ciation of two homologous kindlin isoforms with two closely related integrins and suggest that despite
their similarities different kindlins are likely to have specific unique functions.
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Stratifin regulates plakophilin-3 incorporation into the desmosomal plaque
JK Wahl and B Roberts Oral Biology Department, University of Nebraska Medical Center,
Lincoln, NE
Desmosomes are prominent cell-cell adhesive junctions present in all epithelial tissues. Assembly
and linkage of the desmosome to the intermediate filament cytoskeleton is dependent on a family
of cytoplasmic proteins that constitute the desmosomal plaque. Plakophilin-3, a member of the
armadillo family of proteins, is a component of the inner dense plaque of the desmosome and loss
of plakophilin expression is known to affect junction assembly. Mechanisms regulating plakophilin-
3 incorporation into the desmosomal plaque and overall junction assembly are poorly understood.
In the current study we sought to identify novel plakophilin-3 interacting partners in an effort to
identify mechanisms controlling desmosome assembly in epithelial cells. We identified stratifin (14-
3-3 sigma) as a plakophilin-3 interacting protein and we confirmed this interaction in vivo by co-
immunoprecipitation and yeast-two hybrid analysis. We mapped the domain of plakophilin-3 that
is responsible for this interaction and found the interaction to require a sequence not conserved in
plakophilin-1 or plakophilin-2. Interestingly, the plakophilin-3/stratifin complex resides in the cytosol
and is not incorporated into the desmosomal plaque. Interactions with stratifin in the cytosol may
sequester a pool of plakophilin-3 in the cytosol and limit the pool of plakophilin-3 available to
assemble the desmosome. These findings suggest that a stratifin pool in the cytosol can affect incor-
poration of plakophilin-3 into the desmosomal plaque. Additionally, these data raise the possibil-
ity that plakophilin-3 has unique and uncharacterized roles in the cytosol that may be distinct from
its role in desmosomal adhesion.
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